INTRODUCTION

1
The Hemiptera contains some of fastest and most powerful jumpers amongst all 2 insects. The champion jumpers, as defined by their take-off velocities, belong to the 3 sub-order Auchenorrhyncha, which contains three groups currently considered to be 4 monophyletic (Cryan and Urban, 2012) : the Cercopoidea (froghoppers), the 5 Membracoidea (leafhoppers and treehoppers) and the Fulgoroidea (planthoppers). To 6 produce their rapid and powerful jumps, all use a catapult-like mechanism in which 7 rapid movements of the hind legs are powered by a pair of large muscles located in the 8 thorax. These muscles have anatomical features of slow muscle , 9 even though in other insects they are part of the flight machinery and thus contract 10 rapidly. The slow contractions of these muscles take place in advance of a jump and 11 result in distortion and bending of bow-shaped parts of the internal skeleton that 12 contain the elastic protein resilin (Burrows et al., 2008) . Energy is stored slowly in 13 these structures, allowing power to be amplified, and is then released suddenly as they 14 unfurl and return to their original shape (Burrows, 2006; Burrows, 2007b; Burrows, 15 2009 ). To propel the body forwards and without losing energy to spin requires that a 16 hind legs both move at the same time. To produce such synchrony of action, 17 froghoppers and planthoppers activate muscles of the left and right hind legs with a 18 tightly coupled sequence of motor spikes thereby ensuring that similar levels of force 19 are developed by both in their primed, pre-jump position (Burrows, 2007c; Burrows 20 and Bräunig, 2010) . The neural control alone cannot, however, deliver the close 21 synchrony that is needed. Adult planthoppers therefore use a mechanical mechanism 22 in which a protrusion of one hind leg contacts a similar protrusion on the other hind 23 leg (Burrows, 2010) . The first hind leg to move thus nudges the other hind leg from its 24 primed position. Nymphal planthoppers have a series of different protrusions on each 25 hind leg (Heilig and Sander, 1986; Sander, 1957) which intermesh with each other and 26 act like cog wheels (Burrows and Sutton, 2013) . Again the first hind leg to move will 27 ensure that the other also moves at the same time. Both mechanisms ensure that the 28 power generated by the hind legs is delivered within 0.03 ms of each other. 29
30
The planthopper group contains some 20 families which have a great diversity of body 31 shapes. Jumping mechanisms and performance have been analysed in only two of 32 these families, the Issidae and Dictyopharidae (Burrows, 2009; . Issids 33 have a solid body with a squared-off front to the head, whereas dictyopharids are more 34 delicate and have a pointed head that gives a streamlined appearance. The Flatidae, the 1 subject of this paper, have a distinctively different body shape dominated by large, 2 stiff front wings. When folded these wings cover the body and most of the legs to give 3 a laterally compressed and smooth appearance. This paper analyses the jumping 4 mechanisms in three species of this family with the aim of determining how the 5 different body shape might influence jumping performance. The jumping of the 6 wingless nymphs is also analysed. 7 8
RESULTS
9
Body shape 10 The three species of flatid analysed here had triangular front wings that were held 11 close to the body in a vertical position and so exaggerated and dominated their 12 laterally compressed appearance when viewed from the side (Fig.1 ). The wings 13 projected well beyond the tip of the abdomen and in Colgar peracutum and Siphanta 14 acuta almost touched the ground so that only the pointed head and the distal segments 15 of the front and middle legs and sometimes the tarsus of the hind legs were visible 16 (Fig. 1A,B) . In adult Metcalfa pruinosa the head was flattened anteriorly and the 17 wings were rounded dorsally and posteriorly to give a more wedge-shaped appearance 18 to the whole insect in side view (Fig. 1C) . The nymphs of Metcalfa pruinosa had 19 many fine strands of wax covering the wingless body and protruding from the rear of 20 the abdomen (Fig. 1D) . The adult body lengths ranged from 7.4 ± 0.1 mm in Colgar 21 peracutum (mean ± s.e.m., N=29), to 7.9 ± 0.2 in Metcalfa pruinosa (N=7) and 9.3 22 mm in Siphanta acuta (Table 1) . Some unidentified species found in Borneo, the 23 jumping performance of which could not be studied, had body lengths of 15 mm and 24 wings that were 30 mm long, giving a wingspan of approximately 50 mm. Body 25 masses ranged from 8.3 ± 0.9 mg in Metcalfa pruinosa to 19.3 ± 1.3 mg in Colgar 26 peracutum (Table 1 ). All had hind legs that were 30% longer than the front or middle 27 legs so that the ratio of leg lengths was 1: 1: 1.3 (front: middle: hind) and none 28 exceeded 54% of body length, or gave a ratio greater than 1.6 relative to the cube root 29 of body mass ( Table 1 ). The increased length of a hind leg was due to its tibia which 30 was 43% longer than a middle tibia ( Fig. 2A) . The hind legs of Metcalfa pruinosa 31 nymphs were 40% longer than the front and middle legs and were 81% of body 32 length (Table 1) . 33
Structure of hind legs
1
The coxae of the hind legs were larger than those of the other legs and abutted against 2 each other at the ventral midline of the body and extended to the lateral edges of the 3 metathorax (Fig. 2B) . The ventral surface of a hind coxa was covered by a flexible, 4 transparent membrane through which the tendon and part of the large trochanteral 5 depressor muscle was visible. By contrast, the coxae of the front and middle legs were 6 separated from each other at the midline so that the sheath of the piercing mouthparts 7 could lie between them. They were also capable of greater rotation with their 8 respective thoracic segments. Each small, cylindrical hind trochanter rotated through 9 approximately 100 degrees about a double pivot joint with its coxa thus enabling both 10 hind legs to be levated forwards and depressed backwards in the same plane almost 11 parallel to the ventral surface of the body (Fig. 2C,D) . The femur rotated a little about 12 the trochanter and the tibia rotated by more than 100 degrees about the femur. The 13 tibia was the longest segment of the leg and bore a single, stout spine and a group of 14 smaller, ventrally pointing spines at the articulation of the tarsus ( Fig. 2A) . The first 15 segment of the tarsus also had a series of spines at its articulation with the second 16 segment and a pair of claws on the terminal segment ( Fig. 2A) . These small spines and 17 the claws made contact the ground and should improve traction when the hind legs 18 propel a jump. 19
20
At the midline apposition of the two coxae the inner surface of each had an array of 21 small protrusions called microtrichia (Gorb, 2001 ) which interdigitated with those on 22 the other coxa (Fig. 3A,B) . The microtrichia increase the area of the opposed surfaces 23 and should therefore strengthen resistance to movement between the two coxae. Both 24 coxae thus provide a stable base from which movements of the more distal segments 25 of the hind legs are made. Further microtrichia covered the entire surface of a large 26 protrusion of the lateral and posterior wall of each coxa (Fig. 3C,D) . These 27 microtrichia were approximately 5μm wide and 5 μm high and were spaced quite 28 regularly at 5-6 μm intervals from the next one. At the base of the protrusion, each had 29 a flattened rounded shape which progressively became more pointed towards the 30 tipoff the protrusion. When the hind legs were fully levated in preparation for a jump, 31 the left and right protrusions each contacted a raised, flat and smooth area on a dorsal 32 hind femur (see inset in Fig. 2B ). Patches of hairs that were longer and thicker than 33 those elsewhere on the femur were present on the proximal and distal edges of this 34 patch, located so as to suggest a possible proprioceptive role. The walls of the coxae 1 were stiffened by a series of struts that were made visible by rendering the opaque 2 cuticle transparent by treatment with potassium hydroxide (Fig. 4A-C) . These struts 3 ran from the medial and lateral pivots to the anterior rim of the coxa and to the lateral 4 junction of the coxa with the pleural arches. Again the defining feature appears to be 5 to provide stable structures that can support the application of the high forces needed 6 to generate a jump. A strip of cogs was present on the medial surface of each 7 trochanter in nymphs (Fig. 4A-C ), but were not present in adults (Figs 2B, 3A) as in 8 other planthopper species (Burrows and Sutton, 2013; Heilig and Sander, 1986) . 9 10 The paired metathoracic pleural arches were also large structures relative to those in 11 the meso-and prothorax. An arch curved anteriorly and dorsally from the ventral and 12 lateral edge of the coxa to the articulation of the hind wing (Figs 4, 5) . When 13 illuminated with ultra-violet light (see Material and Methods for details of 14 wavelengths) and viewed either ventrally (Fig. 5A) or from a side view looking 15 laterally from the midline (Fig. 5B) , an arch fluoresced bright blue. The intensity of 16 this fluorescence was sensitive to the pH of the bathing saline; when the pH was made 17 acidic it decreased but recovered when the pH was returned to 7.0 and then became 18 more intense in more alkaline pH. 19
Muscles and tendons 20
The metathorax was dominated by a pair of bilaterally symmetrical trochanteral 21 depressor muscles that together comprised approximately 10% of body mass. Each 22 muscle consisted of many long parallel fibres that arose from an 23 anterior phragma made of tergal and pleural plates. These fibres then inserted onto an 24 umbrella-shaped apodeme (tendon) which then abruptly narrowed and ran through the 25 coxa to insert onto the medial part of the trochanter ( Figs 2B, 4A,B) . The paired 26 trochanteral levator muscles were also located in the metathorax but were much 27 smaller than the depressors. 28
Kinematics of the Jump
29
In jumps by intact flatids viewed from the side, the wings obscured many of the 30 critical movements of the legs ( Fig. 6 ; see supplementary material Movies 1, 2). What 31 can be seen in these intact flatids is that the hind legs were largely responsible for 32 providing the propulsive forces particularly during the latter stages of a jump when the 33 front and middle legs progressively lost contact with the ground before take-off. To 34 reveal the sequence of leg movements and the angular changes of particular segments 1 of a hind leg, the right wings were removed close to their articulation with the thorax 2 ( Fig. 7 ; see supplementary material Movie 3). This operation did not have a 3 measurable effect on overall jump performance as indicated either by the acceleration 4 time (the time from the first detectable movement of a hind leg to the time when the 5 insect became airborne), or by the velocity of the insect at take-off. Images of the 6 jumping movements were also captured from below as the insect jumped from a 7 vertical glass wall of the chamber ( Fig. 8 ; see supplementary material Movie 4) and 8 from behind or in front as the insect jumped away from or toward the camera 9 respectively. The Figures specifically illustrate the jumps of Colgar peracutum, but a 10 comparable analysis of the other two species showed the same sequence of events 11 during jumping. The following description is therefore based on a compilation of all 12 these different observations and analyses on all three species. 13
14
In preparation for a jump, both hind legs were first rotated forwards by levation of 15 their trochantera about the stable coxae. The tibiae were also flexed about the femora. 16
In this most forward levated position, the hind legs remained stationary for periods 17 ranging from a few hundred millisecond to seconds. The first detectable, propulsive 18 movement of the hind legs was then a depression of the trochantera (Figs 7, 8) . The 19 trochantera of the two hind legs moved within one frame or 0.2 ms of each other. This 20 was the minimum time resolution possible with a frame rate of 5000 s -1 . In other 21 planthoppers where jumps have been captured at six times this frame rate, the 22 synchronisation was within 0.03 ms (Burrows, 2009; Burrows and Bräunig, 2010) . 23
As the depression of a trochanter continued, most easily seen by the changing angle of 24 the femur relative to the body, the tibia was also extended about the femur and the 25 whole ventral surface of the tarsus was pushed against the ground. The consequence 26 of these movements was that the body was progressively raised and in turn this lifted 27 the front and middle legs from the ground. The hind legs were the only legs in contact 28 with the ground during the last stages of the jump. The front legs showed no changes 29 in their joint angles that could be related to any propulsive actions. Similarly the 30 middle legs showed only small depression movements of the trochanter and extension 31 movements of the tibia. 32
33
During the acceleration phase of a jump the angle of the body relative to the ground 34 remained stable and did not rotate in the pitch roll, or yaw planes (Figs 6,7). At take-35 off the head of Colgar peracutum and Siphanta acuta pointed downwards at an angle 1 that varied between -16 and -24 degrees relative to the horizontal (Table 2) . In 2 Metcalfa pruinosa the head was closer to being parallel with a mean angle of 4 3 degrees. The downward pitch of the head was not sufficient to lead to the body 4 spinning. In contrast to the angles of the body, the angles of the trajectories were 5 steep, with a range from 50 to 90 degrees. All observations indicated that the body 6 remained stable in all three planes at take-off. 7 8 Plotting the changing positions of particular points on the body and on a hind, middle 9 and front leg showed the progressive movements in detail (Fig. 9 ). The tarsi of the 10 front and middle legs followed the movements of the centre of mass, located on the 11 body just behind the hind legs. By contrast, the hind tarsus remained on the ground 12 providing the thrust. Movements of the hind trochanter and tibiae began at the same 13 Nymphs of Metcalfa pruinosa jumped readily like the adults with which they lived 22 freely in groups. The kinematics of jumping was the same as in adults although the 23 hind legs were proportionately longer than the other legs compared with adults and the 24 movements of the hind trochantera were synchronised by interacting sets of gears. In 25 contrast to adults, the body subtended a larger angle relative to the horizontal so that 26 the head pointed upwards. The trajectory of the jump was also more variable with 27 values ranging from 30 to 100 degrees when they were moving backwards . 28
Jumping performance
29
The preceding measurements of the kinematics of a jump enable calculations of 30 performance to be made ( Table 2 ).The mean acceleration times for both adults and 31 nymphs ranged only between 1.6 and 1.8 ms with the fastest acceleration of 1.4 ms 32 recorded in one Siphanta acuta. Mean take-off velocities ranged from 1.8 to 2.3 m s generate these jumps ranged from 107 μJ in the fastest jumps by the heaviest insects 5 to 7 μJ, again in the fastest jumps by the lighter nymphs. On the basis that both 6 trochanteral depressor muscles comprised approximately 10% of body mass, as also 7 found in other planthoppers (Burrows and Bräunig, 2010) , both adults and nymphs 8 needed a power output of 14799 to 29160 W kg -1 of muscle in their fastest jumps. 9
10
To estimate the distance (s) and height (h) reached in a jump, calculations were made 11 according to equations 1 and 2 below that describe the motion of an inert body 12 (Alexander, 1968) : 13 14 s = v cos (2v sin / 9.81) (1) 15 
Landing
27
The high velocity of take-off propelled by jumping suggests that landing again might 28 require wing movements to add stability and reduce velocity while the legs assume a 29 posture that would contact with the ground over a broad and stable base. Far fewer 30 landings than take-offs were captured because landing sites were unpredictable. Those 31 apparently controlled landings that were captured all had the same pattern of leg 32 movements (Fig. 10) . As a landing site was approached, the front legs were spread 33 forwards and laterally in the same plane as the under surface of the body and with the 34 tibiae extended about the femora. The middle legs were extended downwards so that 1 the tibiae were level with the lateral edges of the body. The hind legs also pointed 2 downwards but their tarsi were closer together under the midline of the body. Some 3 10-12 ms before touch down the wings were in the depression phase of the wing beat 4
cycle, but at the point of touchdown they were being elevated. The hind tarsi touched 5 down first followed by the middle tarsi and finally the front tarsi. Such a sequence led 6 to a controlled and stable touchdown in which flexion of the femoro-tibial joints and 7 levation of the coxo-trochanteral joint acted as shock absorbers. The wings were then 8 folded and walking was then able to take place. 9
10
DISCUSSION
11
This paper has shown that in their best jumps, adults of three species of flatids 12 accelerated rapidly in 1.4 to 1.8 ms to take-off velocities of 2.8 -3.2 m s -1 so that they 13 experienced forces as high as 200 g. They were propelled largely by rapid depression 14 of the hind legs which were 30% longer than the other legs but were only half or less 15 the length of the body. The length of the hind legs does not, however, affect the take-16 off velocity when a catapult mechanism is used because the release of energy stored in 17 elastic cuticular structures is nearly independent of strain rate (Alexander, 1995; 18 Bennet-Clark, 1990) . No jumps were accompanied by movements of the large, 19 triangular-shaped wings that extended above and behind the body and gave a laterally 20 compressed appearance. The wingless nymphs of one species which lived in groups 21 together with the adults were also adept jumpers but reached lower velocities at take-22 off than the adults. The wax that they secrete from the abdomen, often forming tufts 23 that project posteriorly, can prevent ensnarement in spider webs and drowning if 24 inadvertently landing on water (Eisner et al., 2005) . 25
Power output and energy storage for jumping 26 Calculations from the kinematics indicate that the power requirements for the best 27 jumps ranged from 25000 -29000 W kg -1 in all three species analysed. By contrast, 28 direct contraction of muscle can only produce power outputs of 250 to 500 W kg -1 29 (Askew and Marsh, 2002; Ellington, 1985; Josephson, 1993; Weis-Fogh and 30 Alexander, 1977) . Jumping in flatids, as in other hemipteran planthoppers (Burrows, 31 2009), froghoppers (Burrows, 2007c) , leafhoppers (Burrows, 2007a) and treehoppers 32 , must therefore also involve power amplification. A catapult 33 mechanism is used by fleas (Bennet-Clark and Lucey, 1967), locusts (Bennet-Clark, 1 1975) and hemipteran bugs to achieve this amplification. Recordings from the 2 jumping muscles (extensor tibiae) of locusts (Burrows and Morris, 2001) and from 3 trochanteral depressor muscles of froghoppers (Burrows, 2007c) , leafhoppers 4 (Burrows, 2007a) and from a species in the family Issidae (planthoppers) (Burrows 5 and Bräunig, 2010) show that they contract for a long time before the beginning of the 6 propulsive movements of the hind legs. In hemipteran bugs, the muscle contractions 7 during this preparatory stage of a jump, distort and bend part of the internal skeleton 8 of the metathorax (the pleural arches) that link a coxae to the hinges of the hind wings. 9
Energy from the slow muscle contractions is thereby stored gradually and is then 10 released suddenly to power the rapid movements of the hind legs. 11
12
In froghoppers, the pleural arches are bow-shaped and are built of a composite of hard 13 cuticle and the rubber-like protein resilin (Burrows et al., 2008) . In the flatids analysed 14 here, the pleural arches of the hind legs were observed to bend in preparation for a 15 jump and then to unfurl as the hind legs rapidly extended. They therefore act like the 16 pleural arches in froghoppers and in issid and dictyopharid planthoppers (Burrows, 17 2009; Burrows et al., 2008) . In flatid planthoppers, these structures 18 also fluoresced bright blue under illumination by specific wavelengths of UV light. 19
The properties of this fluorescence were the same as that emitted by the pleural arches 20 of froghoppers that has been analysed in detail (Burrows et al., 2008) . Two key 21 signatures of resilin are met by the specificity of the emissions and by their 22 dependence on the pH of a bathing solution (Neff et al., 2001) . Furthermore, in the 23 planthopper Delphacodes sp. (Hemiptera, family Delphacidae) and in froghoppers 24 (Hemiptera, family Cercopidae) the fluorescence in the pleural arches precisely 25 matches (Burrows et al., 2011 ) the staining with an antibody raised against gene 26 CG15920 in Drosophila melanogaster (Elvin et al., 2005) . The first exon of this gene 27 expressed a soluble protein which, when cross-linked, formed a resilient, rubbery 28 hydrogel called Rec-1 resilin in Escherichia coli. The antibody also stains resilin in 29 three other insect orders (Lyons et al., 2011) . These three criteria indicate that the 30 pleural arches contain resilin in both planthoppers and froghoppers. This is further 31 evidence that resilin and hard cuticle form a composite material that can serve four 32 functions: 1) store the requisite energy for a jump; 2) withstand bending strains 33 without fracturing; 3) unfurl to deliver the stored energy to power a jump; 4) return the 34 body to its original shape in readiness for another jump (Burrows et al., 2008) .
Jumping Performance
1
The heads of the flatids analysed either pointed downwards at take-off or, as in 2 Metcalfa pruinosa, were parallel with the ground. The trajectories of a jump were, 3 however, variable with a range from 50 degrees, which is close to the optimum for 4 achieving maximal distance, to 90 degrees which would give maximal height. From 5 these measurements of trajectories and take-off velocities, a jump was estimated to 6 propel a flatid from a horizontal surface as far as 950 mm, or more than 100 times its 7 body length. The maximum height achieved was 400 mm in Siphanta acuta but it was 8 at the expense of distance. Jumps in their natural habitat will be from the different 9 angles subtended by the leaves or branches of plants, so that gravity will have 10 different effects. Moreover, none of the calculations take into account the considerable 11 drag that will be experienced (Bennet-Clark and Alder, 1979; Vogel, 2005) . Vogel has 12 estimated that the froghopper Philaenus which has a mean mass of 12 mg and a mean 13 length of 6.1 mm (Burrows, 2006) and is thus similar in size to the flatids here, would 14 lose some 25% of its jumping range because of drag (Vogel, 2005) . The flatids might 15 therefore be expected to have their jumping distances and heights reduced by a similar 16 amount. In contrast to froghoppers and many families of planthoppers, the body and 17 legs are enclosed by large stiff front wings which means that the body is flattened 18 laterally and has a smooth profile. These features suggest streamlining but such an 19 assumption needs to be tested by wind tunnel measurements. If correct, body shape 20 could improve jump distance and thus increase the likelihood that jumping will be an 21 effective high speed escape mechanism from predators and therefore likely to be 22 subjected to natural selection. A powerful jump will also delay the need for flapping 23 flight which is likely to be slower and more visible to the same predators. Another 24 family of planthoppers, the dictyopharids, take a different approach to possible 25 streamlining by having an elongated and tapered head . Indeed some 26 dictyopharids can match the performance of some issids that have a squat and blunt 27 body shape by reaching take-off velocity of 5 to 5.8 m s -1 (Burrows, 2009; Burrows, 28 2014) . 29
30
The estimates of jump distance and height also do not take into account any 31 contribution from movements of the wings. Before take-off the wings always 32 remained closed so that they made no contribution to a jump. Wing movements also 33 did not occur in the first 4 ms after take-off or within the first 10 mm of travel alongthe jump trajectory. Opening of the wings does follow some jumps but the transition 1 to flying were rarely captured. Some jumps do lead directly to flying and can also be 2 inferred from images of landing when the wings were flapping. Just before touchdown 3 the wings were depressed and all three pairs of legs were spread to provide a stable 4 base. The hind legs touched down first by placement directly underneath the body. 5 6 Flatids therefore conform to the general principle of jumping in small insects. The 7 power producing muscles are located away from the segments of the legs that they 8
propel. The mass of these segments is thus reduced allowing them to be accelerated 9 rapidly. The muscles contract slowly and have an ultrastructure that is characteristic of 10 slowly contracting muscles . The energy that they produce is 11 stored over a prolonged period and then released suddenly so that the large power 12 requirements of a jump can be met. This mechanism enables this fulgorid group of 13 hemipterans with a wide range of body shapes to jump effectively. 14
Effects of body shape
15
An effect of body shape on jump performance emerges from a comparison of the three 16 families of planthoppers so far analysed. Issus coleoptratus (family Issidae) pitched 17 downwards or upwards at a mean rate of 43 Hz in the first few milliseconds after take-18 off and before any wing movements were observed (Burrows, 2009) . It also rotated at 19 a slower rate in the roll plane. Dictyopharids were stable in the pitch and yaw planes 20 but rotated at low rates in the roll plane 
MATERIALS AND METHODS
27
Three species of flatid were analysed which all belong to the order Hemiptera, 28 suborder Auchenorrhyncha, superfamily Fulgoroidea, family Flatidae and sub-family 29 The anatomy of the hind legs and metathorax was photographed and drawn in intact 8 insects and in those preserved by fixation in: 5% buffered formaldehyde and 9 subsequent storage in 70% alcohol; fixation and storage in 70% alcohol or in 50% 10 glycerol. To reveal details of the internal skeleton, the soft internal tissues and thin 11 regions of the exoskeleton were removed by soaking in 10% potassium hydroxide for 12 several days. Drawings of these structures were made with the aid of a drawing tube 13 attached to a Leica MZ16 stereo microscope (Wetzlar, Germany). Colour photographs 14 were taken with a Nikon DXM1200 digital camera attached to the same microscope. 15 for Metcalfa pruinosa, with a single Photron Fastcam 512PCI camera (Photron 1 (Europe) Ltd, West Wycombe, Bucks., UK). The images were fed directly to a 2 computer for later analysis. Jumps occurred spontaneously, or were elicited by 3 delicate mechanical stimulation with a fine silver wire or a paintbrush, in a chamber 4 made of optical quality glass (width 80 mm, height 80 mm, depth 10 mm at floor level 5 expanding to 25 mm at the ceiling). The floor was made of high density foam 6 (Plastazote, Watkins and Doncaster, Cranbrook, Kent, UK). The camera, fitted with 7 either a 100 mm micro Tokina lens or a 60 mm Micro Nikkor lens, pointed at the 8 middle of this chamber. Measurements of distances moved and changes in joint angles 9
were made from jumps that were parallel to the image plane of the camera, or as close 10 as possible to this plane. Jumps that deviated from the image plane of the camera by 11 more than 30 degrees were not included in the analysis. Those that deviated by up to 12 30 degrees were calculated to result in a maximum error of 10% in the measurements. Table 1 . Body form of flatids Body length and mass, and the lengths of the hind femora and tibiae in the 3 species of flatid analysed; N indicates the number of individuals from which the measurements were taken. The ratio of leg lengths is given relative to the front legs. The jumping performance of the 3 species of flatid analysed. Data in the 5 columns on the left are the mean of means + s.e.m. for the performance of (N) individuals of each species; the best performance (defined by take-off velocity) of a particular individual is also given. The calculated values in the 6 columns on the right are derived from these measured data. 
